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ABSTRACT 
The process of seed transmission was elucidated for 
CIavibacter michiqanense ssp. nebraskense, the causal agent 
of Boss's wilt of corn. Leaves of corn plants in the field 
were inoculated with a rifampin-tolerant strain of the 
bacterium. Seed infection averaged from 1% to 30.7% and 
populations of C. m. nebraskense within seed samples ranged 
from 0 to 1.7 x 10? cfu. Seed infection levels tended to 
increase with greater numbers of inoculations and with 
later sampling. Infected seed was also detected in non-
inoculated control plots that became naturally infected 
following dissemination of the pathogen spreading from 
inoculated plots. It was established that seed-borne 
inoculum could not be reduced by drying seed at 35 C from 
harvest moistures of 38% and 25% to 10% or 12%, 
respectively. It was not possible to demonstrate 
transmission of the pathogen from infected seeds to 
seedlings either in pasteurized soil in the greenhouse or 
under field conditions. However, transmission was 
accomplished under greenhouse conditions in from 0.1% to 
0.4% of seedlings growing from seed that had been 
inoculated by vacuum infiltration of the pathogen. 
Characteristic symptoms developed on the seedlings and the 
pathogen was isolated and its identity confirmed. 
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The ability of the pathogen to overwinter in infested 
leaf debris was established. Pathogen populations in 
infested debris exposed to natural weather on the soil 
surface were monitored between October and April of 1983/84 
and 1985/86. They declined by 94% in 1983/84 and 17% in 
1985/86. Corresponding samples held under laboratory 
conditions showed declines in pathogen populations of 70% 
and 0% over the same periods. 
These findings suggest that although seed infection 
may readily occur in corn seed crops, the inefficiency of 
transmission through seed indicates that seeds are an 
unimportant inoculum source in areas where the disease 
already occurs. In these situations infested residues are 
likely to be of more importance. In areas where the 
pathogen has not been recorded, however, seed should be 
considered as a potential inoculum source. 
The pathogen could be detected by plating seeds on 
culture media. Two media were used: Corynebacterium 
nebraskense selective medium with reduced lithium chloride; 
and, for rifampin tolerant isolates, nutrient broth yeast 
extract agar + 0.05 g rifampin + 0.04 g cycloheximide / 
litre. A method could be developed to determine infection 
levels in seed lots. This could be of use in reducing the 
potential for pathogen spread by seed-borne inoclum. 
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LITERATURE REVIEW 
Disease 
Goss's bacterial wilt and blight (synonym leaf 
freckles and wilt) of corn was first described from 
south central Nebraska in 1969 (Wysong et al. 1973; 
Schuster 1975; 1980). Since that time the disease has 
spread throughout Nebraska and into adjacent states. 
Sporadic occurrences also have been reported from 
Minnesota, Wisconsin and Illinois (Wysong et al. 1981). 
At present, Goss's wilt of corn is not of major 
economic importance for corn production. It may, 
however, become a more serious problem, particularly 
with increasing use of reduced tillage management 
practices (Wysong et al. 1981). 
Yield loss and Goss's wilt disease severity have 
been reported to be significantly correlated in field 
corn grown under sprinkler irrigation (Wysong et al. 
1976). In more recent studies involving popcorn which 
was severely infected with the pathogen, yield losses 
of 40% among inbreds and 33% among hybrids have been 
reported (Wysong et al. 1982). Indirect yield losses 
also have been attributed to the planting of resistant 
hybrids which yield less than susceptible hybrids that 
are free of the disease (Vidaver et al. 1981). 
2  
Characteristic symptoms of the disease are discrete 
watersoaked freckles parallel to the leaf veins. 
Lesions are elongate with wavy margins and expand 
parallel to the leaf veins. In the early stages, leaf 
lesions are grey-green in color but they become 
necrotic with age. Infected plants may appear to be 
wilting. . This phase of the disease can occur at any 
stage of plant development. If symptoms are severe, 
orange bacterial exudate may be observed oozing from 
the vascular tissue of cut corn stalks. Pockets of 
orange-to-brown colored, wet-rotted tissue may be found 
in the internodal pith and at the nodal plates. Corn 
plants can be infected at any growth stage and with 
disease development may wilt and even die (Wysong et 
al. 1981). 
Pathogen 
The causal agent of the disease is a gram-positive 
bacterium first described taxonomically as 
Corynebacterium nebraskense (Vidaver and Mandel 1974). 
Later, in taxonomic studies on plant pathogenic 
corynebacteria in which numerical analyses of cultural 
and physiological data were carried out. Dye and Kemp 
(1977) proposed that it should be regarded as a 
pathovar of Çor^nebaçterium michiqanense. Subsequent 
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workers tried to develop a convenient and reproducible 
bacteriocin typing scheme for strain and species 
differentiation of phytopathogenic corynebacteria. 
Corynebacterium nebraskense ssp. nebraskense was 
unusual in that some strains produced two different 
bacteriocins (Gross and Vidaver 1979). Other strains 
of the bacterium collected from Nebrasaka and adjacent 
states were examined. By bacteriocin and bacteriophage 
typing, strains could be divided into 8 groups (Vidaver 
et al. 1981; Shirako and Vidaver 1981). Plasmids were 
found in four out of twenty-two strains of C. m. 
nebraskense examined. The function of these plasmids 
seemed to be unrelated to other taxonomic 
characteristics examined, namely, antibiotic 
resistance, production of bacteriocins, and virulence 
(Gross et al. 1979). Polyacrylamide gel 
electrophoresis of cellular proteins of 
phytophathogenic corynebacteria demonstrated seven 
distinct groupds. Corynebacterium nebraskense was 
found to have nearly identical protein patterns to C. 
michifiianense. However, differences observed in 
relation to biochemical tests, tetrazolium salt 
tolerances, colony morphology, pigmentation, and 
overall bacteriocin production were sufficient to allow 
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Carlson and Vidaver (1982a) to propose that, rather 
than being a pathovar of michiganense, subspecific 
status was Justified. Whether any of these bacteria 
should even be retained in the genus Çor^nebaçterlum 
was still being debated. In fact, it was suggested 
that the plant pathogenic corynebacteria be transferred 
into more than one genus (Vidaver 1982; Starr et al. 
1975). Recently some of these bacteria, including 
m. nebraskense, have been transferred to a new genus, 
Clayibacter. This genus contains phytopathogenic 
coryneform bacteria which possess 2,4-diaminobutyric 
acid in their cell wall peptidoglycans (Davis et al. 
1984). Clavibacter michiganense ssp. nebraskense is 
now the accepted name for this bacterium. 
Control 
Extensive field and greenhouse screening of inbred 
and hybrid field corn lines for resistance to Goss's 
bacterial wilt and blight were conducted. In two 
laboratory studies, ten-day-old seedlings were 
inoculated by the cut-spray method in which leaf tips 
were excised and the cut ends sprayed with a bacterial 
suspension. Seedlings were then rated seven days later 
by measuring the distance that symptoms had spread from 
the leaf tip (Schuster et al. 1972; Schuster 1975). 
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The most resistant lines showed no evidence of lesion 
development while in the most susceptible lines lesions 
as long as ten inches were observed. Ratings obtained 
with this method were inconsistent within inbreds and 
hybrids. Calub et al. (1974a; b) inoculated leaves of 
3-week-old seedlings with pin pricks and followed then 
with a single syringe inoculation into the stem with 
one milliliter of an aqueous bacterial suspension at 
tassel ling. With this method, they were able to obtain 
consistent ratings within inbreds and hybrids. Popcorn 
and field corn varieties were also evaluated for 
reaction to Goss's wilt in the field. Seed was planted 
into fields which had a history of severe Goss's wilt 
infection (Wysong et al. 1981; 1982). Disease 
developed naturally and ratings were based on the 
percentage of leaf area affected. Resistant lines were 
discovered. Good agreement in hybrid reaction between 
years was found. However, when leaf epiphytic 
population trends of C. m. nebraskense on greenhouse 
grown field field corn and popcorn varieties were 
evaluated, no consistent relationship between epiphytic 
populations and resistance or susceptibility to Goss's 
wilt could be found (Schuster and Smith 1984; Schuster 
et al. 1984). 
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Only preliminary data are available at this time on 
the genetics of inheritance of resistance to the 
disease. In crosses of tolerant, susceptible and 
intermediate inbred lines of corn, progeny were either 
intermediate in response to Goss's wilt or were more 
susceptible. It was suggested that more than one major 
gene locus was involved in inheritance of resistance to 
this disease (Gardner and Schuster 1973; Martin et al. 
1975). In field and greenhouse screening of 75 mid-
season to late-season sweet, corn hybrids, reactions to 
both Goss's wilt and Stewart's wilt were found to be 
highly correlated (Pataky 1985). 
Epidemiology 
How corn plants become infected with itk 
nebraskense is poorly understood. The bacterium is 
believed to overwinter in corn stubble on the soil 
surface. Deep plowing could be used to minimize the 
disease. However, this is not practical in reduced 
tillage production systems (Wysong et al. 1981). There 
are no chemical controls available for this disease at 
present. Several pre-emergence herbicides have been 
evaluated for their effects on disease severity of 
Goss's wilt. No significant reductions in disease 
severity were found between herbicide applied and 
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control plots (Riesselman and Vidaver 1979). Insects 
are possible vectors of the pathogen, but their role in 
the disease cycle has not been examined. This is an 
obvious possibility given the established involvement 
of the corn flea beetle as a vector of Erwinia 
stewart^i in corn (Pepper 1967). Applications of 
aqueous suspensions of the pathogen directly to corn 
leaves did not lead to infection. If healthy seedling 
roots were painted with a suspension of the bacterium 
no infection occurred unless the roots were wounded 
(Schuster 1975). Similar experiments have been 
reported in research on Stewart's wilt in corn. Here 
too, wounding of tissue is necessary for infection to 
occur (Frutchey 1936). Wysong et al. (1981) suggested 
that, because of the need for plant injury before 
infection can take place, wind or rain storms may aid 
the spread of the bacterium in the field. In wind 
tunnel experiments, Rocheford et al. (1985) 
demonstrated that both sand and wind can help to 
provide infection courts for this pathogen. 
The role of environmental factors such as 
temperature, relative humidity and moisture in Goss's 
wilt development has not been extensively studied. 
Under laboratory conditions optimum temperature for 
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growth of Ç_. wk nebraskense in corn plants was found to 
be 27 C (Smidt and Vidaver 1986a). In the field, 
severity of Goss's wilt as determined in September, 
appeared to be associated with higher daily mean 
temperatures during late May and early June (Smidt and 
Vidaver 1 986a). 
Sources of inoculum of C. m. nebraskense have not 
been extensively studied. Potential sources of 
inoculum include infested soil, weeds commonly found in 
or adjacent to production fields, corn debris from the 
previous growing season, and infected or infested corn 
seeds (Schuster 1975; Wysong et al. 1981). 
In general, plant pathogenic corynebacteria survive 
poorly in the free state in soil (Vidaver 1982). In 
fact it would seem that most phytopathogenic bacteria 
do not survive well when free in the soil (Schuster and 
Coyne 1975). After ten months storage under field 
conditions, C. m. nebraskense was not recovered from 
pure cultures mixed with soil, either on the surface, 
or at depths of 10 and 20 cm (Schuster 1975). A 
selective medium for this pathogen has since been 
developed which reduces background of soil bacterial 
populations by 99%. The detection limit of the medium 
is 1000 colony-forming units of nu nebraskense per 
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gram of soil (Gross and Vidaver 1979; Smidt and Vidaver 
1984; 1986b). No further research in relation to 
survival of i jk nebrasken^ in soil has been 
conducted. 
Weeds are another potential source of primary 
inoculum. Clavibacter michiganense ssp. nebraskense 
has been .isolated from the naturally infected weeds, 
green foxtail (Setaria viridis L.) and shattercane 
(Schuster 1975). They may well serve as a reservoir of 
inoculum of the pathogen. 
Clavibacter michiganense ssp. nebraskense is 
reported to overwinter in corn stubble (Schuster 1975; 
Wysong et al. 1981). Field screening of corn varieties 
for disease resistance has sometimes relied on natural 
infection from the previous year's stubble (Wysong et 
al. 1982). Schuster (1975) investigated survival of 
the pathogen in various plant parts on the soil surface 
and at 10 and 20 cm below it in sunken clay tiles. 
Debris was sampled periodically and soaked in distilled 
water before inoculating one millilitre aliquots of 
this liquid into Golden Cross Bantam seedlings. On the 
basis of disease reaction in inoculated seedlings, he 
developed a disease index to describe pathogen 
survival. The pathogen was recovered after 10 months 
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from stems buried at 20 cm; stems and cobs buried at 10 
cm; and from leaves, stems, cobs and ears on the soil 
surface. In recently published research, itk 
nebraskense populations have been monitored in corn 
residues from field grown plants. Populations were 
highest Just after harvest in October and declined by 
four to five base ten log units over the winter and 
summer (Smidt and Vidaver 1986a). 
Clavibacter michiganense ssp. nebraskense survived 
for less than three months in the laboratory at 6 C in 
air-dried leaves of artificially inoculated greenhouse-
grown plants. In contrast, naturally infected leaves 
and stalks, which were also stored at 6 C in the lab or 
left in the field under natural conditions for 12 
months, still contained viable bacteria (Vidaver 1977). 
Laboratory studies with closely related taxa have shown 
that C. m. michiganense can survive in infested tomato 
leaflets in soil at -20 C for 36 weeks but only for 
three weeks at 25 C (Basu 1970). In contrast, i tk, 
inisidiosum survived in alfalfa stems and leaves stored 
at about 25 C for 10 years (Cormack 1961). 
Seed infection 
Recovery of C. m. nebraskense from seed has been 
reported (Gross and Vidaver 1979) and the bacterium has 
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been observed In chalazal areas of infected kernels, 
between the scute!lum and endosperm (Schuster 1975). 
Using nutrient dextrose plus thiamine medium in agar 
plate tests of kernels from 5 seedlots harvested from 
infected plants, an average of 20.8% of these kernels 
were reported to be infected with r ru  nebraskense 
(Schuster 1975). 
Evidence for transmission of the pathogen from seed 
to seedling was obtained when seed from each of the 
five infected lots, described by Schuster (1975), were 
planted in autoclaved soil in a greenhouse at 75 F. 
Isolations were made from diseased plants and 
pathogenicity confirmed by inoculation into seedlings 
(Schuster 1975). An average transmission rate of 1.6% 
infected seedlings was reported (Schuster 1975). This 
study however had some shortcomings. Colonies of the 
bacterium isolated either from seeds or plant tissue 
were described only as "orange-colored". Infectivity 
tests were scored based on "disease" development. 
There was no evidence that characteristic symptoms of 
Goss's wilt developed. Furthermore, there was no 
indication of control inoculations in these 
experiments. Seeds from non-infected or symptomless 
plants were not tested in either the agar plate tests 
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or growout tests. Furthermore, no Information is given 
concerning host genotype, whether the corn plants were 
grown on dryland or were irrigated. 
Survival of seed-borne inoculum 
Phytobacteria can be seed-borne and may potentially 
be seed transmitted (Neergaard 1977). Seed 
transmission is of particular importance for several 
reasons. Seeds may remain viable for long periods and 
this allows a prolonged potential transmission period. 
The close association of host and pathogen in seeds, in 
general, enables maximum opportunity for progeny 
infection. Infected seed may be disseminated over long 
distances. When this seed is then planted in the 
production field random foci of primary infection may 
be established (Baker 1972; Neergaard 1977). 
Although a disease may be seed transmitted, this 
does not mean that seed transmission is the prime means 
of disease spread. For example, in the case of 
Stewart's wilt in corn about 2% of plants from infected 
seed developed the disease under greenhouse conditions 
where secondary spread of the disease did not occur 
(Elliott 1935). The principal vector of ^ stewartii, 
the corn flea beetle in which the pathogen overwinters 
(Pepper 1967), constitutes a much more important source 
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of inoculum. 
Approaches to the study of seed transmission of 
diseases are discussed by Baker (1972). The process 
begins in the seed production field where the pathogen 
moves from plant to seed (PS). Another stage which may 
or may not occur is transfer of infection from seed to 
seed (SS) through seed harvesting and storage. 
Transmission occurs in the planted field where the 
pathogen moves from seed to the new plant (SP). 
Finally, the pathogen may spread from plants, 
originally infected from seeds, to other plants in the 
production field (PP). For a pathogen to be seed 
transmitted, it is therefore necessary to demonstrate 
that a least both PS and SP spread occur. 
Goss's wilt of corn is a disease in which seed 
transmission could be important. At present this 
disease is restricted in its distribution. However, it 
may have the potential to be spread long distances by 
seeds. An understanding of the seed-borne phase of 
this disease is essential in explaining the past and 
future patterns of its spread. 
Schuster et al. (1972) showed that nu nebraskense 
could be recovered from seeds stored for 12 months. 
Survival of C. m. nebraskense has not been studied in 
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seed in relation to either time of harvest or drying. 
Seed-borne downy mildew pathogens of corn can be 
controlled by drying. When planted at the soft dough 
stage, Sclerospora sorqhi-infected corn seed did 
transmit the pathogen to seedlings. But if seed 
moisture content was lowered to 9% or seed was stored 
40 days before planting, no downy mildew was 
transmitted (Jones et al. 1972). In sugarcane, 12.5% 
seed transmission of Sclerospora sacchari was reported 
from undried infected seed. No seed transmission of 
the pathogen occurred after drying seed (Chang 1970). 
Maize downy mildew was reported to be transmissible 
only from infected seeds before drying (Semangoen 
1970). Drying of infected seed did not prevent 
transmission of crazy top in corn (Ullstrup 1952). 
Objectives 
The main objectives of this work were to; 1. 
elucidate the seed transmission process for nu 
nebraskense from production field to planting field; 2 
assess the potential for seed transmission of this 
pathogen; 3. develop a quantitative method for 
detecting the Goss's wilt pathogen on seeds; and 4. 
examine options such as drying and storage times as 
means of reducing seed-borne inoculum of this pathogen 
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MATERIALS AND METHODS 
Bacterial Strains and Inoculum Production 
An isolate of Clavibacter michiaanense ssp. 
nebraskense, CN 9-1, originally isolated in 1973 from 
Goss's wilt-affected corn located in Buffalo County, 
Nebraska (Vidaver et al. 1981), was used in all 
inoculation studies in this work either as the wild-
type (designated CN 9-1) or as a rifampin-tolerant 
mutant (designated CN 9-1/rif J). The mutant was 
obtained by gradient plate methods (Szybalski and 
Brison 1952). Aggressiveness of the rifampin-tolerant 
and wild-type isolates was compard by two methods. 
Lesion expansion was determined using greenhouse-grown 
A632Ht X A619Ht corn plants. The two youngest leaves 
of four-week-old plants were inoculated on either side 
of the midrib using a pinprick inoculation device 
(Chang et al. 1977) that had been dipped in an aqueous 
suspension (10? cfu/ml) of the appropriate bacterial 
isolate. Lesion areas were measured 14 days after 
inoculation on 12 plants/isolate using a LiCor 3000 
portable leaf area meter. Differences in seedling 
fresh weight between healthy, CN 9-1 and CN 9-1/rif J-
infected plants were also measured. Seven-day-old 
A632Ht X A619Ht, greenhouse-grown seedlings were 
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syringe inoculated into the stem 1 cm above the soil 
line with 0.1 ml of an aqueous suspension of 10? cfu/ml 
or with water alone. After 7 days, 20 
seedlings/treatment were cut at the soil line and 
weighed. Data for both methods were then analyzed 
statistically using the t-test. 
In order to provide uniform inoculum for all 
experiments, stock cultures of CN 9-1 and CN 9-1/rif J 
were suspended in sterile 5% skim milk, subdivided into 
0.5 ml lots and frozen in liquid nitrogen. for 
inoculum production, the frozen bacteria were rapidly 
thawed and grown for 24 - 48 hours at 27 C on a 
nutrient broth yeast extract medium (NBY) which 
contained per liter of distilled water: 8 g of Bacto-
nutrient broth (Difco Laboratories, Detroit, MI 48232), 
2 g of Bacto-yeast extract (Difco), 2 g of K2HPO4, 0.5 
g of KH2PO4, 0.25 g of MgS04.7H20, 5 g of glucose and 
15 g of Bacto-agar (Difco). The glucose and magnesium 
sulphate were added after autoclaving from sterile 
stock solutions. Bacteria were suspended in a 
phosphate - magnesium sulphate buffer (PM) which 
contained 7 g K2HPO4, 2 g KH2PO4 and 0.25 g MgS04.7H20 
per liter of distilled water and which was adjusted to 
pH 7.25. Inoculum concentrations were standardized 
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using a spectrophotometer and verified by standard 
dilution plating techniques. 
Demonstration of Transmission of tru nebraskense 
from Plant to Seed 
A field experiment was carried out at Curtiss Farm, 
near Ames, lA in 1984. It was planted on 5/15/84. The 
experimental design was a randomized complete block 
with 3 replications. Treatments consisted of plots 
inoculated only at the tasselling growth stage 
(7/26/84), at both 6-leaf and tasselling growth stages 
(7/12/84 and 7/26/84) or at 3- and 6-leaf and 
tasselling growth stages (6/28/84, 7/12/84 and 
7/26/84). One set of these treatments was inoculated 
with CN 9-1/rif J in PM buffer and the other with the 
buffer solution alone. Inbred A632Ht, known to be 
susceptible to Goss's wilt, (Calub et al. 1974a; b) was 
used in all plots. Plots consisted of 4 rows each 4.5m 
long with a 30 cm row width. Plots were separated from 
each other by 4 border rows laterally and 4.5 m of 
border end to end. Border rows were planted with 3 
resistant genotypes - Mo17Ht x B73Ht, W153R and N28 
(Wysong et al. 1981). These three genotypes were used 
to ensure an ample pollen supply for fertilization of 
A632Ht. All plants in a plot, approximately 100, were 
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leaf-inoculated using a pinprick inoculation device 
(Chang et al. 1977) that had been dipped in a 
suspension of CN 9-1/rif J at a concentration of 2 x 
10^ cfu/ml or buffer. At the 3- and 6-leaf growth 
stages every leaf on a plant was inoculated. At 
tassel ling, only the ear leaf and those above were 
inoculated. Samples were collected 2 weeks after 
pollination on 8/9/84, 5 weeks after pollination on 
9/3/84 (when seeds were at late milk/early dough 
stage), and at harvest maturity on 9/30/84. At each 
sampling, 10 plants were removed at random from each 
replicate of each treatment. Plants were cut 10 cm 
above and 10 cm below the ear before transporting back 
to the laboratory. 
To determine seed infection with iju nebrasken^, 
10 seeds were shelled from each of 10 ears sampled from 
each replicate of each treatment, thus providing a 
pooled sample of 100 kernels from each replicate of 
each treatment. Internal seed populations of itk 
Q®braskense were estimated by surface disinfesting the 
100-seed sample for 60 sec in 0.5% sodium hypochlorite 
(NaOCl), rinsing in sterile distilled water (SOW), and 
grinding in sterile PM buffer. For the 2- and 5-week 
post-pollination samplings, seeds were ground with a 
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mortar and pestle, while for the final sampling they 
were gound for 60 sec in a Stein Laboratory Mill. 
Duplicate platings of serial tenfold dilutions were 
made onto both NBY + 0.05 g rifampin + 0.04 g 
cycloheximide/1itre (RIF A) and CNS medium (Gross and 
Vidaver 1979) with reduced LiCl (CNS A). 
In order to prepare CNS A, the following compounds 
were filter sterilized and added to autoclaved NBY, 
cooled to 50 C: (per 970 ml) 25 mg nalidixic acid 
(freshly solubilized in 10 ml of 0.1 M NaOH), 32 mg of 
polymyxin 8 sulfate (8,000 USP units/mg) dissolved in 
10 ml distilled water, 0.1 g LiCl dissolved in 10 ml 
distilled water, and 0.06 ml of Bravo 6FR (SDS Biotech, 
Cleveland, OH 44114) diluted 1:38 in water from the 
manufacturer's solution (40.4% 
tetrachloroisopthalonitrile). Forty milligrams of 
cycloheximide were surface sterilized in 5 ml 95% 
ethanol before addition. This medium had a pH of 6.9 
after autoclaving. Plates were incubated at 25 C and 
colonies were counted after 5-7 days. 
Pathogen populations external to seeds were obtained 
by shaking 100-seed samples in 30 ml sterile PM buffer 
for 30 min. Duplicate platings of serial tenfold 
dilutions were then made onto both CNS A and RIF A 
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media as described above. Plates were incubated at 25 
C and colonies were counted after 5-7 days. 
Goss's wilt severity was determined in the field 
plots at both 2 (8/9/84) and 5 (9/3/84) weeks after 
pollination. The same 10 plants from each repliate of 
each treatment were used for obtaining seed populations 
of the pathogen. Lesion areas on ear leaves were 
estimated by measuring the length and breadth of the 
lesions. 
Systemic Colonization of Leaf-inoculated Plants 
Internal populations of the pathogen within the 
shanks of ears were determined at all 3 samplings on 
the same plants that had been used to estimate seed 
populations. Internal populations of the pathogen 
within stems were only determined at harvest maturity. 
From each of the 10 plants sampled from each replicate 
of each treatment, one piece of shank (0.5 cm) and one 
piece of stem (1.0 cm) were removed. Internal mu 
nebraskense populations were then determined by pooling 
either shank or stem pieces and then processing them in 
the same manner as described for estimating internal 
seed populations of itk nebraskense. 
In another experiment, pathogen growth in leaf 
tissue of resistant and susceptible seedlings was 
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examined. Fourteen-day-old seedlings of A632Ht x 
A619Ht (a susceptible genotype) and Mo17Ht x 873Ht (a 
resistant genotype) were grown in the greenhouse. 
Fourteen days after planting they were inoculated with 
CN 9-1. A major vein at the midpoint of the third leaf 
of each plant was wounded with a razor blade and a 5 
microlitre drop of bacterial suspension (3800 cfu/ml) 
in PM buffer was placed on the wound. Inoculated 
plants were placed in a growth chamber maintained at 27 
C with a 14-hour photoperiod. Relative humidity was 
not determined. At 0, 1, 2 and 4 days after 
inoculation, leaf disks (0.3 cm diameter) were removed 
both proximally and distally at 1, 3, 5, 7 and 9 cm 
from the inoculation site. At each sampling time, 
disks were collected from 12 plants of each genotype. 
Leaf discs were surface disinfested for 60 seed in 0.5% 
NaOCl, rinsed in SOW and then ground in sterile PM 
buffer. Duplicate platings of serial tenfold dilutions 
were made onto N8Y. Plates were incubated at 25 C and 
colonies of C. m. nebraskense counted after 4-5 days. 
This experiment was repeated 3 times. 
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Pathogen Survival on Seed in Relation to Time 
of Harvest and Drying Temperature 
A field experiment was carried out at Curtiss Farm, 
near Ames in 1985. The experimental design was a 
randomized complete block with 3 replications. Inbred 
A632Ht was planted on 5/7/85 in 10-row plots in which 
each row was 4,5 m long with 30 cm row width. The same 
genotypes were used in border rows as described in the 
1984 field experiment. Two inoculations treatments 
were used. All plants were inoculated three times - at 
the 3-leaf (6/5/85), 6-leaf (7/1/85) and tassel ling 
(7/25/85) growth stages, with either a suspension of CN 
9-1/rif J (2 X 10? cfu/ml) in PM buffer or in the case 
of control plots, PM buffer alone. At the 3- and 6-
leaf growth stages, every leaf on a plant was 
inoculated. At tassel ling only the ear leaf and those 
above were inoculated. 
Seed was harvested at 2 moisture levels, 38% and 
25%. Moisture was determined by the oven dry weight 
method. After weighing, seed was dried at 103 C for 3 
days and then reweighed. At each harvest time, 30 ears 
were sampled at random from each of the 3 plots 
containing plants inoculated with bacteria and from 
each of the 3 control plots. Immediately after 
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harvest, 80 seeds were removed from each ear in each 
plot and pooled. Percentage of seeds infected by C. m. 
nebraskense was determined by direct plating methods. 
Seeds were surface disinfested for 60 sec in 0.5% NaOCl 
and then rinsed in SOW. One thousand seeds were plated 
onto CNS A + 0.04 g benlate/1 (CNS B) and another one 
thousand .seeds were plated onto RIF A + 0.04 g 
benlate/1 (RIF B). Plates were incubated at 22 C and 
seed infection by C. m. nebraskense determined after 7 
- 14 days. Representative colonies from 10% of the 
seeds infected with C. m. nebraskense were screened for 
pathogenicity by backplating onto CNS B and RIF 8, then 
inoculating into A632Ht x A619Ht seedlings in the 
greenhouse. Pathogenicity was confirmed by the 
development of typical Goss's wilt lesions. 
Internal populations of C^ itk nebraskense were 
determined on a further 200 seeds of each sample. 
These seeds were surface disinfested in 0.5% NaOCl for 
60 sec, rinsed in SOW, then ground for 60 sec in 
sterile PM buffer using a Stein Laboratory Mill. 
Duplicate platings of serial tenfold dilutions were 
made onto both CNS B and RIF B media. Plates were 
i n c u b a t e d  a t  2 5  C  a n d  c o l o n i e s  c o u n t e d  a f t e r  5 - 7  
days. 
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The original 30 ear samples were tested for effects 
of drying on populations of nu nebraskense. Thirty 
ears from both the 38% and 25% moisture harvests were 
dried at 35 C in small scale corn driers to 10% 
moisture after 84 hours and 12% moisture after 48 
hours, respectively. After drying, the same 
measurements were made on the same numbers of seeds as 
above. 
Transmission from Seed to Plant 
Seed samples taken in the harvest moisture/drying 
temperatures experiment, described above, were used in 
this experiment. Growout tests were carried out in the 
greenhouse. Seedlots tested were from all treatmens 
except the undried seed harvested at 38% moisture 
because seed normally will not germinate at this 
moisture. Hence three seedlots or replicates from 
control plants and three from plants inoculated with 
bacteria were tested. In each case, seeds harvested at 
38% moisture and dried to 10% moisture, seeds at 
harvest moisture of 25%, and seeds that had been 
harvested at 25% and dried to 12% moisture were tested. 
For each of these six seedlots, triplicate samples of 
one thousand seeds were planted in groups of 100 into 
39 X 20 X 7 cm plastic trays filled with pasteurized 
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soil. In total 18,000 seeds were planted. Percentage 
seedling emergence was determined, and seedlings were 
examined for presence of characteristic Goss's wilt 
symptoms approximately weekly for 6 weeks after 
planting. In order to determine if symptomless 
infections occurred, randomly chosen symptomless 
seedlings were collected from the treatments. For the 
treatment in which 38% moisture seed had been dried to 
10% moisture, samples of 10 symptomless seedlings/tray 
were obtained from all three inoculated replicates and 
one control replicate. In total, 100 seedlings were 
sampled from each of the replicates. For the seedlings 
derived from planting of undried 25% moisture seeds, 20 
symptomless seedlings/tray were obtained from all three 
replicates of both inoculated and control plants. 
Hence, in this case, a total of 200 seedlings were 
sampled from each of the replicates. Each batch of 
seedlings was cut into 2 cm lengths, surface 
disinfested in 0.5% NaOCl for 60 sec, rinsed in SOW and 
ground for 60 sec in sterile PM buffer in a Stein 
Laboratory Mill. Two milliliters of buffer were used 
for each gram of seedling. Duplicate platings of 
serial tenfold dilutions in PM buffer were made onto 
both CNS B and RIF B media. Plates were incubated at 
26 
25 C and colonies counted after 5-7 days. Possible 
C. m. nebraskense colonies were backplated onto CNS B, 
RIF B and NBY media. Gram reaction of suspect colonies 
was tested by staining (Schaad 1980) and by the KOH 
method (Suslow et al. 1982). They were also tested at 
the greenhouse for pathogenicity in A632Ht x A619t 
seedlings. 
In order to study seed-to-plant transmission m. 
nebraskense, further experiments were carried out in 
the greenhouse using healthy A632Ht x A619Ht seed which 
was artificially inoculated with the pathogen. The 
experimental design was a randomized complete block, 
which was replicated twice over time. Six treatments 
were tested, three using dry seed and three using seed 
which had been imbibed in sterile water for 16 hours on 
dampened blotters. Both dry and imbibed seed 
treatments were then vacuum infiltrated at 15 psi, for 
5 minutes with either PM buffer or an aqueous 
suspension of 10? cfu/ml of CN 9-1/rif J in PM buffer 
at pH 7.25. One treatment of dry seeds and one of 
imbibed seeds were not vacuum infiltrated. Two-
thousand seed samples of each treatment were planted in 
the greenhouse in a total of twenty 39 x 20 x 7 cm 
plastic trays, 100 seeds/tray, filled with pasteurized 
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soil. In total, 12,000 seeds were planted for each of 
the two replications of this experiment. Ten trays 
from each treatment were placed in plastic chambers at 
85% relative humidty (high humidity treatment) while 
the other ten were left uncovered on the greenhouse 
bench at 50% relative humidity (low humidity treatment) 
for five weeks. Before, planting the percentage seed 
moisture of each treatment was determined by the oven 
dry weight method at 103 C, and the percentage of seeds 
infected with the pathogen estimated using 500-seed 
samples. Methodology was as described previously. 
Percentage seedling emergence and percentage seed 
transmission, as indicated by the number of plants 
showing symptoms of Goss's wilt, were determined. When 
symptoms were found, isolations were made and pathogen 
identification confirmed by pathogenicity tests. 
In 1986, seeds which had been produced in the 1985 
field season were planted in the field. These seeds 
had been harvested at 25% moisture from all three 
replicates of inoculated and control treatments. Seeds 
were dried on the ear at 35 C for 48 hours in small 
scale experimental driers, and then stored at 10 C and 
50% relative humidity until planting the spring of 
1986. One-thousand seeds from each of the three 
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replicates of inoculated and control treatments were 
planted in four row plots with a 75 cm row spacing and 
length of 40 metres. Plants were examined at emergence 
on 6/12/86, and then on 6/19/86, 6/27/86 and 7/28/86 
for symptoms of Goss's wilt. Stand counts were also 
made on the three replicates of inoculated and control 
treatments. 
For seeds produced in 1985, and then planted in the 
spring of 1986, the percentage infected by m^ 
nebraskense was determined by direct plating methods as 
previously described. One-thousand seeds from each 
replicate of inoculated and control treatments were 
plated onto RIF B. Internal seed populations of the 
pathogen were determined on one-hundred-seed samples 
from each replicate of inoculated and control 
treatments as previously described. Ten randomly 
selected isolates were chosen from each replicate of 
each inoculated treatment and tested for pathogenicity 
in A632Ht seedlings in the greenhouse. 
Pathogen Survival in Leaf Debris 
Infested leaf debris was generated from greenhouse-
grown A632Ht X A619Ht plants. Leaves of thirty 6-week-
old plants were pinprick inoculated with a suspension 
of 10? cfu/ml of CN 9-1 in PM buffer. In 1983, an 
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additional set of 30 plants was inoculated with a 
suspension of 10? cfu/ml of CN 9-1/rif J in PM buffer. 
A separate set of plants which were not inoculated, 
served as controls. After inoculation, plants were 
transferred to a growth chamber at 27 C with a 16-hour 
photoperiod. Fourteen days later, leaves of inoculated 
plants, showing typical Goss's wilt symptoms, were 
harvested and air-dried. a corresponding number of 
leaves from symptomless control plants were also 
harvested and dried. Two-gram samples of air-dried 
leaf material from either inoculated or control plants 
were placed in individual 6 x 5 cm glass fibre bags 
(1.5 mm mesh). Nine bags, filled with m^ 
nebraskense infested leaf debris, and nine control bags 
were placed on the soil surface in the field. The 
experiment was located at Woodruff Farm near Ames in 
both the 1983/84 and the 1984/85 seasons in a field 
that was in a soybean-corn rotation. A randomized 
complete block design with 3 replications was used. 
Identical sets of bags in each year were stored under 
laboratory conditions at 22 C and 50% relative 
humidity. In 1984/85, additional sets of 9 bags were 
filled with either CN 9-1/rif J infested or healthy 
leaf debris, derived from the 1984 field experiment. 
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and then stored in both field and lab, as described. 
In both years, bags were placed in the field or lab 
in the first week of December, and sampled in January, 
March and early May. One bag constituted a replicate 
in this experiment. At each sampling, bags were 
brought in from the field then rinsed with water to 
remove so.il. Samples stored under laboratory 
conditions were not washed. Leaf debris was surface 
disinfested for 60 sec in 0.5% NaOCl, rinsed in SOW and 
then ground in a mortar in PM buffer. Ground samples 
were left to soak for 30 minutes. Duplicate platings 
of serial tenfold dilutions were made onto both NBY and 
CNS (with 10 g LiCl) media in 1983/84 and in 1984/85 
CNS A, NBY and RIP A were employed. Plates were 
i n c u b a t e d  a t  2 5  C  a n d  c o l o n i e s  w e r e  c o u n t e d  a f t e r  4 - 7  
days. Representative colonies were backplated and 
tested for pathogenicity as described above. 
Detection of the Pathogen on Seed from Naturally 
Infected Plants 
In the 1985 field experiment itk nebr^askense 
spread naturally to uninoculated control plants from 
plants inoculated with qk nebraskense. This was 
evidenced by symptoms of Goss's wilt observed in 
control plots during the growing season. Plants in 
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control plots, which showed symptoms of Goss's wilt, 
were identified during the growing season with flagging 
tape. Seeds harvested from these three plots were used 
to test detection methods for seed infection of 
naturally infected seeds. Ears were harvested in 
October 1985, and dried to 12% moisture at 35 C for 48 
hours using small scale experimental corn driers. They 
then were stored at 50% relative humidity and 10 C for 
8 weeks. Ten ears from plants that had shown Goss's 
wilt symptoms and 10 from symptomless plants for each 
plot were then sampled. From each ear, 110 seeds were 
shelled and pooled samples of seed for each of the 
groups of ears were generated. Estimates of the 
percentage of seeds infected with the pathogen were 
made on 500-seed lots from each group, as previously 
described. Internal seed populations of C. m. 
nebraskense were determined on 100-seed lots, as 
described earlier. Twenty percent of suspected nu 
nebraskense isolates were tested in the greenhouse for 
pathogenicity in A632Ht x A619Ht seedlings, as 
described earlier. 
Statistical Analyses 
Experimental data were analyzed by appropriate 
statistical methods, including regression but. 
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primarily an analysis of variance procedure or t test. 
Prior to analysis, data were checked (cf Appendix) to 
ensure that they met the assumptions of the analysis of 
variance (Little and Hills 1978; Sokal and Rohlf 1981). 
Where necessary data were transformed. 
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RESULTS 
Comparison of Bacterial Strain Aggressiveness 
The aggressiveness of the rifampin-toleratnt 
isolate, CN 9-1/rif J, and the wild-type isolate, CN 9-
1, were compared by two methods. In the first, mean 
lesion area was 18.2 cm^ for plants inoculated with CN 
9-1 and 13.7 cm^ for those inoculated with CN 9-1/rif 
J. Statistical anlaysis indicated that these values 
were not significantly different at the 5% level. In 
the second method, mean seedling fresh weight was 19.3, 
g for control plants, 1.56 g for CN 9-1-inoculated 
plants, and 1.53 for CN 9-1/rif J-inoculated seedlings. 
Differences in seedling fresh weight between plants 
infected with CN 9-1 or CN 9-1/rif J were not 
significant at the 5% level. 
Colonization of Corn Leaves by C^ m^ nebraskense 
The ability of C^ m^ Q®braskense to rapidly colonize 
leaf tissues was demonstrated following inoculation of 
corn seedlings grown in growth chambers. In the first 
48 hours after leaves were inoculated, the pathogen 
populations were greater distally than proximally in 
both genotypes (Figure 1). Characteristic disease 
symptoms, namely, discrete watersoaked freckles running 
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BASE- LEAF ^TIP 
^INOCULATION 
^Mol7xB73 
<-A632xA6l9 
3 1 13 5 
DISTANCE(CM) 
Figure 1. Pathogen growth In a resistant variety, 
Mol7 X B73 and a susceptible variety, A632 x 
A619 one and two days after inoculation of 
leaves with CN 9-1 isolate of C. m• 
ne bra skense. Pathogn populations are given 
in log numbers of bacteria per square 
centimeter at 1, 3, and 5 centimeters on 
either side of the inoculation site. Plants 
were symptomless for the first 2 days after 
inoculation 
BASE LEAF TIP 
DAY 4 
INOCULATION 
A632xA6l9 Mo17x B73 
W 
1 1 
DISTANCE (CM) 
Figure 2. Pathogen growth in a resistant variety, Mol7 x B73 and a 
susceptible variety, A632 x A619 four days after inoculation of 
leaves with CN 9-1 isolate of nebraskense. Pathogen 
populations are given in log numbers of bacteria per square 
centimeter at 1, 3, 5, 7, and 9 centimeters on either side of the 
inoculation site. Three quarters of the plants showed symptoms at 
this time 
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parallel to the leaf veins, were first observed 3 days 
after inoculation. However, bacterial colonization had 
progressed farther on either side of the inoculation 
site than had symptom development. By 4 days after 
inoculation, in both genotypes, niK nebraskense was 
recovered at a distance of 9 cm on either side of the 
inoculation site (Figure 2). 
In field experiments typical Goss's wilt symptoms 
developed on plants leaf-inoculated with strain CN 9-
1/rif J. In 1984, leaf lesions measured at the late 
milk/early dough growth stage, indicated increasing 
severity of the disease with increasing numbers of 
inoculations. Mean lesion areas were 7.4 cm^ on leaves 
inoculated once during the growing season, 50.2 cm^ for 
those inoculated twice and 119.0 cm^ for those 
inoculated three times. No symptoms were detected in 
control plants inoculated only with the buffer solution 
used as carrier for the inoculum. 
Colonization of Corn Kernels, Shanks and Stems 
In the 1984 field season, an experiment was 
conducted to determine bacterial populations in corn 
kernels, shanks and stems following 1, 2 or 3 
inoculations with a suspension of Cj;_ m^ Qjebraskense in 
buffer solution or with buffer solution alone. Daily 
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Table 1. Daily rainfall, maximum and minimum 
temperatures for dates covering the day 
before, the day of, and day after 
inoculation for the 1984 and 1985 field 
experiments 
1984 field season 1985 field season 
3-leaf gr.owth stage 
Date 6/27 6/28 6/29 6/04 6/05 6/06 
Max  ^ C 32 28 28 22 25 25 
Win. C 16 14 15 12 9 11 
Precip. 13 0 8 15 0 0 
(mm) 
6-leaf growth stage 
Date 7/11 7/12 7/13 6/30 7/01 7/02 
Max. C 29 30 30 27 28 29 
Win. C 16 17 17 14 17 16 
Precip. 15 0 0 0 0 0 
(mm ) 
Tasselling growth stage 
Date 7/25 7/26 7/27 7/24 7/25 7/2( 
Max. C 28 24 25 28 29 28 
Min. C 18 16 16 17 17 15 
Precip. 0 264 0 41 84 0 
(mm) 
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Table 2. Colonization of corn seeds and shanks by 
C. m. nebraskense two weeks after pollination 
in the 1984 field season^ 
Plant Part 
1 
Number of Inoculations^ 
2 3 
Seed Surface 
Control 
Bact. Inoc. 
Within Seeds 
Control 
Bact. Inoc. 
Shank 
Control 
Bact. Inoc. 
0 . 0 0  0 . 0 0  0 . 0 0  
0.00 3.69 2.56 
0 . 0 0  0 . 0 0  0 . 0 0  
0.78 2.31 0.78 
0 . 0 0  0 . 0 0  0 . 0 0  
0,00 3.75 3.71 
^Values given are for numbers of C_^ bk. nebraskense 
recovered in log(x+l) colony forming units/g fresh 
weight on R I F  A  medium. Each value given is the mean 
of 3 replicates. Statistical analyses of data re 
presented in Tables 1 -3, and 11 - 13 of the Appendix. 
^1 = single inoculation applied at tasselling, 2 = 
first inoculation at 6-leaf growth stage and second 
inoculation at tasselling, 3 = first inoculation at 3-
leaf growth stage, second at 6-leaf growth stage and 
third at tasselling. 
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maximum and minimum temperatures as well as 
precipitation for the day of inoculation are given in 
Table 1. Plots were sampled 3 times during the season 
when plants were at the following growth stages - two 
weeks after pollination, late milk/early dough and 
harvest maturity. Data obtained in these samplings are 
presented in Tables 2, 3 and 4. 
At two weeks after pollination, no bacteria were 
found in control plants (Table 2). In plants 
inoculated either 2 or 3 times with the pathogen, 
bacteria were recovered from seed surfaces, within 
seeds and within shanks. Bacteria were also recovered 
from within seeds of plants receiving a single leaf 
inoculation. 
At the late milk/early dough stage no bacteria were 
found in control plants (Table 3). In plants 
inoculated 3 times with the pathogen, bacteria were 
recovered from seed surfaces, within seeds and within 
shanks. The pathogen was also isolated from seed 
surfaces of twice inoculated plants and from within 
seeds of once inoculated plants. 
At harvest maturity, highest populations of the 
pathogen were found on seed surfaces, within shanks and 
within stems of plants receiving 3 bacterial 
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Table 3. Colonization of corn seeds and shanks by 
C. m. nebraskense measured at the late 
milk/early dough growth stage in the 1984 
field season^ 
Plant Part Number of Inoculations^ 
1 2 3 
Seed Surface 
Control 0.00 0.00 0.00 
Bact. Inoc. 0.00 2.20 5.28 
Within Seeds 
Control 0.00 0.00 0.00 
Bact. Inoc. 4.45 0.00 2.39 
Shank 
Control 0.00 0.00 0.00 
Bact. Inoc. 0.00 1.96 0.00 
^Values given are for numbers of C^ m_:. nebraskense 
recovered in log(x+l) colony forming units/g fresh 
weight on RIF A medium. Each value given is the mean 
of 3 replicates. Statistical analyses of data re 
presented in Tables 4-6, and 11 - 13 of the Appendix. 
^1 = single inoculation applied at tasselling, 2 = 
first inoculation at 6-leaf growth stage and second 
inoculation at tasselling, 3 = first inoculation at 3-
leaf growth stage, second at 6-leaf growth stage and 
third at tasselling. 
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Table 4. Colonization of corn seeds,stems and shanks 
by C. m. nebraskense at harvest maturity In 
the 1984 field season* 
Plant Part Number of Inoculationsb 
1 2 3 
Seed Surface 
Control 0.00 0.00 0.00 
Bact. Inoc. 0.00 3.43 6.09 
Within Seeds 
Control 0.00 0.00 3.27 
Bact. Inoc. 0.60 0.00 6.67 
Shank 
Stem 
Control 0.00 0.00 0.00 
Bact. Inoc. 2.50 4.57 7.17 
Control 0.00 0.00 0.00 
Bact. Inoc. 0.00 4.52 6.70 
^Values given are for numbers of C^ nebraskense 
recovered in log(x+l) colony forming units/g fresh 
weight on RIF A medium. Each value given is the mean 
of 3 replicates. Statistical analyses of data re 
presented in Tables 7 - 13 of the Appendix. 
^1 = single inoculation applied at tasselling, 2 = 
first inoculation at 6-leaf growth stage and second 
inoculation at tasselling, 3 = first inoculation at 3-
leaf growth stage, second at 6-leaf growth stage and 
third at tasselling. 
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inoculations and lowest populations were generally 
recovered from plants inoculated once (Table 4). For 
measurements made on plants inoculated 3 times with the 
pathogen, bacterial populations on seed surfaces were 
comparable to those found internally. At this 
sampling, the pathogen was isolated from within seeds 
of plants derived from 2 out of 3 control plots, which 
had received 3 buffer inoculations. Both these plots 
were adjacent to plots in which plants were inoculated 
3 times with the pathogen. 
The data for the 3 sampling times in the 1984 field 
season show that in plants inoculated 3 times, 
populations of C. m. nebraskense within seeds and on 
seed surfaces increased over the growing season with 
highest recovery at harvest. Shank populations of the 
pathogen were also highest at this time. 
In 1985, the maximum internal seed infection values 
(6.98) detected on RIF B medium (Table 6), measured at 
harvest maturity (25% moisture) in seeds on plants 
inoculated three times with the pathogen was similar to 
the corresponding value (6.67) obtained in the 1984 
experiment, despite the fact that rainfall was much 
lower than in 1984. As in 1984, the pathogen was 
recovered from seeds in control plots (Tables 6 and 7). 
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Some plants in the control plots in 1985, had 
characteristic Goss's wilt lesions on their leaves. 
Seeds from these plants also had higher percentage seed 
infection than did those derived from symptomless 
plants (Table 7). No nu nebraskense bacteria were 
detected in seeds ground from symptomless plants. 
Populations of C. m. nebraskense were detected in 
direct plating of seeds from symptomless plants. 
However, they were below those necessary for detection 
using our dilution plating procedures. 
On RIF B medium, colonies of C. m. nebraskense 
growing out of infected seed are apricot orange, 
glistening and fluidal (Figure 4). In all tests made, 
no other bacterial colonies with which the pathogen 
could be readily confused were observed growing on this 
medium. Colonies of C_. rjK nebraskense growing out of 
infected seed onto CNS B medium are pale orange when 
young turning deeper orange with age, glistening and 
less fluidal than on RIF B (Figure 6). Their convex 
shape and distinct margins are more apparent at higher 
magnification (Figure 5). Colonies of C. m. 
nebraskense are readily distinguishable from most other 
bacteria observed growing on CNS B medium (Figure 7). 
However, there is one unidentified bacterium that could 
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Table 5. Mean monthly precipitation, maximum and 
minimum temperatures for 1984 and 1985 
Month Maximum Minimum Precipitation 
Temperature Temperature (mm) 
(C) (C) 
1984 1985 1984 1985 1984 1985 
January - 3 - 3 -13 -15 127 89 
February 5 - 2 - 4 -11 206 236 
March 2 10 - 5 0 297 579 
April 13 20 4 6 1735 307 
May 21 25 9 11 1283 320 
June 28 27 16 13 1671 862 
July 29 29 16 16 861 356 
August 30 27 16 14 79 1293 
September 24 24 10 12 1014 1024 
October 17 17 6 5 917 820 
November 10 2 - 2 - 6 523 102 
December 3 — 6 - 8 -17 432 325 
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Table 6. Infection of corn seeds with m. 
nebraskense, Isolate CN 9-1/rlf J In relation 
to time of harvest and drying treatment at 
35 C, 1985 field season 
Seed® Internalb %Seed ^Emergence 
moisture at bacterial infection of seed in 
harvest and populations with greenhouse 
after drying in seed bacteria growouts 
treatment 
MEDIUM MEDIUM 
RIP B CNS B RIF B CNS B 
Seed from plants Inoculated with bacteria 
38% 7 . 04 7 . 28 17. 50 5 . 3 NDC 
38% dried to 10% 6.51 6. 06 17. 10 18 .8 93.3 
26% 6 . 38 6 . 01 30 . 70 20 . 7 ND 
25% 6 .98 6 . 30 30 . 70 8 . 3 94 . 7 
25% dried to 12% 6. 08 5 . 53 23 . 00 12 . 1 92 .1 
Seed from control plants 
38% 0.00 0. 00 0 . 00 0 . 2 ND 
38% dried to 10% 0.00 0. 00 0. 00 0 . 0 94 . 0 
26% 6.04 5 . 60 14 . 30 9 .0 ND 
25% 3 .51 2 . 41 0 . 03 0 . 0 92.0 
25% dried to 12% 1 . 79 1 . 26 0. 00 0 . 0 93 .8 
^Note 26% moisture seed was an additional sampling 
taken at the same time as the 25% moslture seed to help 
determine sampling variability. After harvest, seed 
was dried on the ear at 35 C in small scale corn 
driers, then shelled. 
^Internal kernel populations of nebraskense in 
log number of bacteria + 1/g kernel fresh weight. Each 
value in the table is the mean of 3 replicates. 
Statistical analyses of data are presented In Tables 10 
- 12 and 14 -18' of the Appendix. 
®ND = no data were collected. 
46 
Table 7. Detection of nebraskense on naturally 
infected seed after spread of the bacterium 
from plots inoculated with CN 9-1/rlf j 
isolate into control plots in the 1985 season 
Original® Medium %Seed Internal^ 
plants infection bacterial 
with bacteria populations 
Symptomless RIF B 1.7 0.00 
CNS B 1.4 0.00 
With symptoms RIF B 24.3 5.92 
CNS B 19.0 5.46 
BAll data are means of 3 replicates. 
^Internal seed populations in log numbers of C. m. 
nebraskense/g fresh weight. 
Seedling infected with C_^ itu nebraskense 
after artificial inoculation of the seed 
with pathogen. Note deep green freckles 
(arrow) on leaves, wilting of leaves and 
necrosis, also stunted growth in relation 
to symptomless seedlings in same flat. 
Colonies of C. m. nebraskense which are 
apricot orange, glistening and fluidal can 
be observed growing out of infected seed 
on RIP B medium. 
Close up of colony of C^ nebraskense on 
CNS B medium. Note pale orange color, 
convex shape, and butyrous form of colony. 
Colonies of C_^ iju nebraskense which are 
pale orange, glistening and less fluidal 
can be observed growing out of infected 
seed on CNS B medium. 
On CNS B medium a colony of an 
unidentified bacterium which was readily 
distinguishable from C_. m_. nebraskense is 
shown growing from seed. This bacterium 
had pale pink, fluidal colonies. 
On CNS B medium one bacterium (arrow) that 
could be confused with C^ itk nebraskense 
is illustrated. Its colony type is deeper 
orange in color, and more fluidal than 
that of C^ iTK nebraskense colony growing 
from seed above Tt. 
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be confused with the pathogen, particularly when 
colonies are young (Figure 8). Its colonies are more 
fluidal and deeper orange in color than those of C_. 
nebraskense. Suspect C. m. nebraskense colonies from 
20% of infected seed derived from control plots in 1985 
(Table 7) were screened for pathogenicity in A632Ht x 
A619Ht seedlings in the greenhouse. One hundred 
percent of isolates from RIF B medium and 94.4% from 
CNS B were pathogenic. 
Survival of the Pathogen in Relation to 
Drying and Storage 
Neither moisture content at time of harvest nor low 
temperature drying to 10% or 12% moisture signifcantly 
affected either percentage of seeds infected with the 
pathogen or internal seed populations of the pathogen 
in plants inoculated during the 1985 growing season 
(p<0.1) (Table 6). On both media, populations of nu 
nebraskense in plants inoculated with bacteria were 
significantly greater than those inoculated with buffer 
alone (p<0.001). Suspect colonies of the pathogen 
from 10% of the infected seeds were inoculated into 
A632Ht X A619Ht seedlings in the greenhouse. Ninety-
eight point five percent of isolates tested from RIF B 
medium were pathogenic and from CNS B 97.4% were 
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pathogenic. 
In July 1986, seed produced in the previous growing 
season, harvested at 25% moisture, dried at 35 C to 12% 
moisture and then stored at 10 C and 50% RH for the 
winter was retested for presence of the pathogen on RIF 
B medium. Viable, pathogenic C. m. nebraskense 
colonies were recovered from this seed. 
Transmission of the Pathogen from Infected 
Seeds to Plants 
Infected seeds derived from plants inoculated in the 
1985 field experiment were planted in the greenhouse. 
No significant differences occurred in germination 
regardless of whether seeds came from inoculated or 
control plots, or harvest moisture and drying treatment 
(Table 6). None of the 18,000 seedlings from the 
growout tests exhibited symptoms of Goss's wilt. C_^ m. 
mebraskense also was not isolated from symptomless 
seed!ings. 
In the 1986 field season, seeds from both inoculated 
and control treatments from the previous growing year 
were planted in the field. Stand count values were 
88.6% for inoculated treatments and 80.3% for controls. 
Statistically these were not signficantly different 
from each other at the 5% level. No Goss's wilt 
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Table 8. Demonstration of seed to plant transmission of 
m. nebraskense. CN 9-1/rif j Isolate, in A632Ht x 
A619Ht corn seed artificially inoculated 
Treatment/ %Seed ^Emergence %Seed 
%8eed moisture infection of seedlings transmission 
at planting® with bacteria in greenhouse of pathogen 
Medium Humidity^ Humidity^ 
RIP B CNS B HIGH LOW HIGH LOW 
Dry 
11 .  0  0 . 0  0 . 0  84.5 87.9 0.0 0.0 
Imbibed 
25.9 0 . 0  0 . 0  87.3 89.1 0.0 0.0 
Imbibed buffer Infiltrated 
29.0 . 0.0 0.0 85.6 86.8 0.0 0.0 
Dry buffer Infiltrated 
17.4 0.0 0.0 83.2 84.4 0.0 0.0 
Imbibed bacteria Infiltrated 
30.1 73.2 44.6 85.2 83.1 0.1 0.4 
Dry bacteria infiltrated 
18.0 69.7 52.3 83.9 84.2 0.1 0.1 
®A11 data given in the table are means of 2 
replicates. Statistical analyses of data are presented in 
Table 19 of the Appendix. 
bin the greenhouse high humidity was maintained by 
growing seedlings inside plastic chambers. Low humidity 
was maintained by growing seedlings uncovered on the 
greenhouse bench. 
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symptoms were observed at any time in any of the plots. 
Seedlings infected with the pathogen were detected 
when seeds artificially inoculated with itk 
nebraskense were planted in the greenhouse. No 
infected seedlings were found in treatments where seed 
was not infiltrated with the pathogen. Characteristic 
symptoms of Goss's wilt were observed on the infected 
seedlings - deep green freckles on the leaves, wilting 
of leaves followed by necrosis, and stunting in growth 
(Figure 3). Development of infected seedlings occurred 
at both low and high humidity (Table 8). The 
percentage of infected seedlings or transmission rate 
ranged rom 0.1 to 0.4% in pathogen inoculated 
treatments. The number of seedlings examined per 
treatment was 2,000 and the total number of seeds 
planted in this experiment was 24,000. Percentage 
seedling emergence of seed between the six treatments 
was significantly different at the 5% level (p<0.008). 
At both humidities, imbibition of seed significantly 
affected percentage seedling emergence at the 5% level. 
Growing seedlings in plastic chambers (high humidity 
treatment) or uncovered on the greenhouse bench (low 
humidity treatment) had no statistically significant 
effects on percentage seedling emergence (p<0.17). 
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Table 9. Overwintering of bk nebraskense in infested 
leaf debris on field surface in 1983/84 and 
1984/85 in comparison with lab stored debris 
Location of overwintering 
debris^ 
Date Days of Laboratory Field 
sampled overwintering 
CN 9-1 isolate 
Dec. 7, 1983 0 10 .20b 10 . 20b 
Jan. 23, 1984 47 9 . 79 8 .00 
March 26, 1984 109 9 . 59 7 . 18 
May 5, 1984 149 9 . 68 8 .95 
Dec. 9, 1984 0 9 . 72b 9 . 72b 
Jan. 23, 1985 45 9 .41 8 .99 
April 4, 1985 116 9 . 53 9 . 36 
May 8, 1985 150 9 . 79 9 . 63 
CN 9-1/rif j isolate 
Dec. 9, 1984 0 8 . 34c 8 .34c 
Jan. 23, 1985 45 8 . 28 8 .46 
April 4, 1985 116 7 . 74 7 .11 
May 8, 1985 150 8 .43 7 .79 
®Data presented are populations of nebraskense 
in log numbers of bacteria/g leaf debris. Note no C• m• 
nebraskense was recovered from control samples. Two-gram 
samples of air-dried leaf material were placed in 
individual 6 x 5 cm glass fibre bags. In the field bags 
were placed on the soil surface. In the laboratory bags 
were maintained at 22 C and 50% relative humidity. 
Statistical analyses are presented in tables 20 - 24 of the 
Appendix. 
^Data in the column are derived from NBY medium. 
CData in the column are derived from RIF B medium. 
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Overall differences In percentage seedling emergence 
between the two replications of the experiment were 
significant (p<0.01). 
Pathogen Survival in Corn Crop Residues 
Strains CN 9-1 and CN 9-1/r1f J were detected in 
Infested debris after overwintering under both field 
and laboratory conditions (Table 9). Data were 
analyzed only for NBY and RIF B media, due to problems 
in recovery on CNS of C^ nu nebraskense from plant 
tissues (Smidt and Vidaver 1984). Improved recovery of 
the pathogen was obtained with CNS B, but plating 
efficiency in comparison with NBY varied from 18 -
1 0 2 % .  
The survival rate of the wild-type isolate, CN 9-1 
was similar for the 1983-84 and 1984-85 winters. Even 
though winter temperatures in both years were somewhat 
different while precipitation was similar. December 
maxima and minima were on average 12 C colder in 1983 
than in 1984. January temperatures were similar for 
both winters. February was warmer in 1984 and March, 
April and May were warmer in 1985. However, location 
of these infested debris during the winter, viz. in the 
lab. or field, did significantly affect CN 9-1 
populations (p<0.01). In general, lab-stored debris 
55 
maintained higher CN 9-1 populations. When CN 9-1 and 
CN 9-1/rif J overwintering abilities were compared, 
statistically significant differences in population 
changes (p<0.01) from each other were observed. 
Further statistical analysis of data suggested that 
these isolate differences were due to the fact that 
location of overwintering did not significantly affect 
CN 9-1/rif J populations in infested leaf debris 
(p<0.67) but did signifcantly affect CN 9-1 populations 
in leaf debris (p<0.04). 
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DISCUSSION 
The process of seed transmission of plant pathogens, 
as described by Baker (1972), has been elucidated for 
Clavlbacter mlchlganense subspecies nebraskense in this 
study. A stable rifamplcln-tolerant Isolate of the 
pathogen with similar aggressiveness to that of the 
wild type was used. In the first phase of this 
process, namely infection of seed in the field, it now 
has been shown that seeds on plants infected by C. m. 
nebraskense readily become Infected. 
Seed could become Infected from infected plants by 
spread of epiphytic populations on the plant by splash 
dispersal from infected sites, by insect vectors, by 
colonisation of the plant surface, or by systemic 
Infection. In both seasons spread of the pathogen into 
control plots in the field occurred due to movement of 
the pathogen from infected inoculated plants in other 
plots. 
It was possible to relsolate the pathogen from 
within stem, shank and kernel tissue of leaf-inoculated 
plants. Schuster (1975) also observed the presence of 
orange bacteria, presumably C^ m_L nebraskense, in 
leaves, stems, cobs and kernels, of naturally infected 
plants suggesting plant to seed transmission of the 
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pathogen. 
Schuster (1975) described orange bacterial exudate 
discharged from the vascular tissue and orange 
discoloration in vascular bundles. He also noted water 
soaking, orange discoloration and bacterial exudate in 
infected seeds. None of these symptoms or signs were 
found in this study, despite the fact that viable 
pathogenic bacteria could subsequently be isolated from 
these tissues. It is likely that Schuster's plants 
which were grown under irrigation, were more severely 
infected than those in this study. 
The occurrence of seed infection and symptom 
development in leaves of non-inoculated control plants 
suggest spread of the pathogen from inoculated plots. 
The plots contained very little corn residue and there 
was no history of the disease in this field in previous 
years. The mechanmism of transfer of the pathogen from 
plant to plant is unknown. Wind and rain storms, with 
their resultant injury or damage to the corn, have been 
suggested to be an important means of spread (Wysong et 
al. 1981). In wind tunnel experiments both sand 
abrasion and wind have been demonstrated to facilitate 
infection with the pathogen in corn seedlings 
(Rocheford et al. 1985). If leaf injury occurs 
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PseudoBionas syringae pathovar glyclnea Is also able to 
establish Infections within soybean leaves (Surlco et 
al. 1981). 
It should be noted that in some cases, when data 
were analyzed no significant differences were found 
between control and inoculated plots (of Appendix). 
This was due to extreme variability in the data. This 
would suggest need for larger sample sizes, improved 
effeciency of detection media, development of different 
detection methodologies, and perhaps a need for more 
frequent samplings. 
The second phase of the process of seed transmission 
concerns seed to seed spread of the pathogen in the 
field, at harvest or during storage. In this study, C^ . 
m. nebraskense populations on the surface of seeds were 
detected in seed washing experiments. Schuster (1975) 
also noticed orange bacterial exudate on inner husks 
that might contaminate the seed surface. Whether such 
inoculum could survive on the seed surface for extended 
periods is not known. Some phytopathogenic bacteria do 
survive for extended periods of time on the seed 
surface, for example P_^ syringae pv. tomato was 
recovered from the surface of twenty-year-old tomato 
seed (Bashan et al. 1982). 
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In greenhouse growouts, I demonstrated seed 
transmission of the pathogen only in artificially 
inoculated seed which was vacuum infiltrated with an 
aqueous suspension of lo"^ cfu/ml of the pathogen. 
Typical symptoms developed on the plants and the 
pathogen was recovered from infected leaf tissue. 
These experiments were carried out in the absence of 
other sources of inoculum. Therefore, there can be 
little question that seed transmission of the pathogen 
occurred. In greenhouse growout tests using naturally 
infected seed, Schuster (1975) reported that on average 
1.6% of the seedlings showed symptoms of Goss's wilt. 
The transmission that did occur in Schuster's study may 
have been because of a greater inoculum load. 
Predisposing factors such as wounding may be necessary 
for Ç_^ m_^ nebraskense to cause seedling infection. 
Primary roots of corn may grow in direct contact with 
colonies of the pathogen on culture media and no 
seedling infection can occur unless the roots are 
wounded (Schuster et al. 1972). Similarly, primary 
roots of corn may grow in direct contact with colonies 
of Erwinia stewartli. causal agent of Stewart's wilt, 
and no seedling infection occurs without root wounding 
(Frutchey 1936; Ivanoff 1933). The need for root 
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wounding In both diseases may explain the observed 
Inefficiency of seed to plant transmission of these 
pathogens. The vacuum Infiltration technique I 
employed also may produce a low level of damage to 
vascular tissue and thus facilitate transmission of the 
pathogen. Seed to plant transmission of C_^ m. 
nebrasken.se in the field has not been demonstrated in 
this or any other study. 
It Is possible that soil microarthropods or Insects, 
which feed on corn roots, thereby producing wound 
sites, may be important in facilitating transmission of 
C. m. nebra8kense. Members of the soil microfauna are 
believed to play a major but unrecognized role in 
Infection of subterranean plant tissues (Beute and 
Benson 1979). Nematodes feeding on young seedlings 
might act as agents of wounding and thus provide an 
infection site for the pathogen. It is also possible 
that their bodies could become contaminated with 
bacteria and that they could then act as vectors of the 
pathogen. Three closely related taxa are transmitted 
by nematodes - namely m^ Insidiosum in alfalfa (Hawn 
1963; Hunt et al. 1971), m_^ trltlcl in wheat and 
m. rathyi in ryegrass (Bird 1981). However, in spite 
of these considerations I found no transmission from 
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seed to plant in our field growouts which wre 
presumably carried out in the presence of both soil 
arthropods and nematodes. 
The final phase in the seed transmission system of 
Baker (1972) is plant-to-plant transmission in the 
planted field. As already indicated, the data indicate 
spread of the pathogen from inoculated to non-
inoculated plants in the field. This event, therefore, 
would seem to occur readily. Leaf epiphytic 
populations of this bacterium do occur and have been 
show to change over the growing season (Smidt and 
Vidaver 1986a) . 
It should be noted that it was possible to recover a 
low percentage of çk nebraskense Infected seed from 
plants which showed no symptoms of the disease in the 
field. Similarly, in greenhouse experiments employing 
artificially inoculated seed, it was possible to 
recover pathogenic isolates of the bacterium from 
symptomless seedlings. The ability of phytopathogenic 
bacteria to produce latent infections in plants has 
been reviewed (Hayward 1974). Both sepodonicum 
and tessel larius may be carried latently in their 
respective hosts (Carlson and Vidaver 1982b). This has 
important implications in relation to disease spread as 
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C. m. nebraskense might well go undetected for several 
years in an area and possibly even be moved to new 
locations in infected seed. 
For efficient seed transmission to occur for any 
plant pathogen, it must pass through the transmission 
sequence plant-to-seed, seed-to-plant and plant-to-
plant. The seed-to-plant phase of this sequence seems 
to be a major obstacle and would seem to account for 
the inefficient transmission of nebraskense. It 
would seem, therefore, the other Inoculum sources are 
of more importance for development of this disease in 
the field. 
Infested crop residues are important sources of 
inoculum of m^ nebraskense (Wysong et al. 1981). 
The data indicate only a slight decline in pathogen 
populations over winter to the time of spring planting 
and are thus in accord with data reported by Smidt and 
Vidaver (1986a). The data show a differential response 
between the two isolates CN 9-1 and CN 9-1/rif j, to 
location of overwintering viz. in the field or at 20 C 
in the laboratory. The CN 9-1/rif j populations were 
similar at both locations while CN 9-1 were lower in 
the field than the laboratory. Average daily maxima 
for both years were 7 C and minima were -4 C. Perhaps 
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temperature was an Important factor In relation to 
pathogen survival In residue. It is also possible that 
there may have been differences in recovery of the 
pathogen between the two media employed. When the 
aggressiveness of both Isolates was compared in the 
greenhouse by two methods, no differences were found. 
Perhaps the strains would have behaved differently when 
their aggressiveness was compared at several different 
temperatures, 
It would seed that in areas where Goss's wilt has 
previously occurred, Infected crop residues are the 
major inoculum source and control practices should 
target these residues (Wysong et al. 1981). Reduced 
tillage systems and, in some areas, a trend towards 
continuous corn production could lead to Goss's wilt 
becoming more of a problem in the corn belt. A 
reduction in pathogen population, depending upon winter 
temperature, could have important implications in 
relation to control practices. It might be possible to 
develop a predictive scheme and on the basis of this 
decide whether primary inoculum levels were high enough 
that corn should not be planted back Into the same 
field that season or that a resistant corn variety 
should be grown. As a result of extensive screening of 
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corn inbreds and hybrids a number of resistant 
varieties have been found (Schuster 1975; Wyaong et al. 
1981; 1982). Crop rotation might also be used as a 
control practice but further research needs to be 
carried out on the long-term survival of the pathogen 
in corn residues and weeds before this could be 
recommended. It should be noted here, that after 
storage at 10 C for the winter months, no appreciable 
drop in levels of seed-borne Inoculum of the pathogen 
had occurred. 
In areas where the disease already is established, 
seed would seem to be an unimportant inoculum source. 
The conclusion that transmission by seeds occurs rarely 
is in agreement with the pattern of spread of this 
disease. Had seed been an important means of 
dissemination the disease should have spread much 
further afield in the 17 years since its discovery in 
Nebraska. In countries where it does not presently 
occur the pathogen could be introduced by seed 
transmission at a low level. Hence this pathogen 
should be recognized as a plant quarantine risk. 
Seed infection by C_^ gK nebraskense does not seem to 
be influenced by seed moisture content, since similar 
levels of infection were detected at harvest moistures 
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of 38% and 25% and after natural drying to 10 or 12% at 
35 C. It must be noted that dry heat treatments are 
usually ineffective against bacterial pathogens because 
of their high thermal death points (Ralph 1977). On 
the basis of the data it would seem that neither time 
of harvest nor drying of seed are effective control 
measures for reducing seed-borne Inoculum of this 
pathogen. As phytopathogenic bacteria may survive for 
extended periods of time in association with seed 
(Neergaard 1977), this pathogen does present a 
potential quarantine problem. Goss's wilt at this time 
is restricted to the central United States but could be 
introduced into other production areas, both national 
and international, via infected seed. 
The development of a seed health test for detection 
of C. m. nebraskense infected seed is needed. The 
modified semi-selective medium (Gross and Vidaver 1979; 
Smidt and Vidaver 1984; 1985) that was used in this 
study could be employed in such a test whether seed is 
ground or plated directly. Colony morphology of the 
pathogen on this medium is sufficiently characteristic 
to allow this medium to be used in a routine test. 
However, characteristic colonies should be restreaked, 
gram stained and their pathogenicity determined by leaf 
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Inoculation into susceptible corn seedlings. 
Before a routine seed health test for this pathogen 
is offered, additional research needs to be directed 
towards determining the sensitivity of detection of C_^ 
m. nebraskense on the semi-selective medium. There are 
guidelines available to assist in the development of 
statistically reliable assay programs which will ensure 
detection of a few infected seeds in a lot (Shu Ceng et 
al. 1983). It may be found that a direct assay to 
determine infected seeds in a lot in which individual 
seeds are plated onto the semi-selective medium is too 
labor intensive. For example, in the case of 
Pseudomonas phaseolicola. one infected bean seed in 
5,000 may lead to a halo blight epidemic (Ralph 1977). 
Indirect assay procedures such as grinding of seed 
samples before plating or use of a serological test may 
be preferable. A deciding factor in the choice between 
a direct or an indirect assay will be ascertaining the 
highest rate of seed transmission that can be tolerated 
in the field without suffering economic loss (Shu Ceng 
et al. 1983) . 
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be Important in seed-to-seed transmission of the 
pathogen have been enumerated. Seed-to-plant 
transmission of the pathogen, although very 
inefficient, has been carried out in the absence of 
other sources of inoculum under greenhouse conditions. 
Plant-to-plant spread of infection in the field was 
observed to occur readily. Neither time of harvest nor 
drying of seed were found to be effective control 
measures for reducing seed-borne inoculum of this 
pathogen. 
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APPENDIX 
Statistical Analysis of Data 
Raw data were first tested to ascertain whether they 
met the assumptions of the analysis of variance and 
hence could be analyzed using this test. If they did 
not meet these assumptions they were transformed and 
then retested. Assumptions of the analysis of variance 
that were tested are outlined below. Further details 
of analytical procedures can be found in Little and 
Hills (1978) and Sokal and Rohlf (1981). 
Normality ; Error terms should be independently, 
normally and randomly distributed. The best Insurance 
against violating this assumption is to randomly 
allocate treatments to experimental plots. Raw data 
are taken, the general mean, treatment effects and 
block effects are removed then the error terms 
evaluated. 
Homogeneity of Variance; Assuming that the variances 
within each treatment estimate a common variance then 
they can be pooled In the course of data analysis and 
hence are said to be homogeneous. Either Bartlett's 
test for homogeneity of variances or Hartley's Fmax 
test can be employed to test these assumptions. 
Addltlvlty; In a randomised complete block design a 
76 
treatment effect should be the same for all blocks and 
the block effect should be the same for all treatments. 
Tukey's test was employed to test for non-addltlvity. 
Independence : The assumption here Is that error terms 
are random normal varlates. Variates are arranged 
Independently of their magnitude and should be found to 
have random error terms. A runs test may also be used 
to check for independence of errors. 
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Tably 1 ANOVA for seed surface populations of 
CLavlbacter mi.chl^anen^ s s p . _n e b r a s k e n  ^  data 
for 2 weeks post-pollination from 1984 field 
experiment on RIF A medium. L o g  (x+1) 
transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block È 
Error 10 
Corrected 17 
Total 
19.4823 3.8965 
0.8541 0.4270 
13.8351 1,3835 
34.1714 
2.8164 0.08 
0.3086 0.75 
Table 2 ANOVA for Internal kernel populations of 
Ç.l.avl.baçter micM^anense s s p . _n e b r a s k e n se data 
for 2 weeks post-pollination from 1984 field 
experiment on RIF A medium 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
102193 50439 
42942 21471 
207956 20796 
353091 
0.98 0.47 
1,03 0.39 
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Table 3 ANOVA for shank populations of Clavibacter 
michiganense ssp. nebraskense data for 2 weeks 
post-pollination from 1984 field experiment on 
RIF A medium 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 117493467 23498693 0.76 0.60 
Block 2 28218267 14109134 0.46 0.65 
Error 10 309848695 30984870 
Corrected 17 455560430 
Total 
Table 4 ANOVA for seed surface populations of 
Cl.avi.bact^ ?LiÇhl£.anen^ ssp. _n e b r a s k e n  ^  data 
for late milk early dough growth stage from 
1984 field experiment on RIF A medium 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
94 x 109 19 x 109 
34 x 109 17 x 109 
167 x lo9 17 x 109 
295 x 109 
1.12 0.41 
1.00 0.40 
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Table 5 ANOVA for Internai kernel populations of 
Clavlbaoter mlchlganense ssp. nebraskenae data 
for late milk early dough growth stage from 
1984 field experiment on RIF A medium 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
2 . 0  X  1 0 9  0 . 4  X  
0 . 8  X  1 0 9  0 . 4  X  
3 . 9  X  1 0 9  0 . 4  X  
6,7 X 109 
109 0.99 0.47 
109 0.99 0.41 
109 
Table 6 ANOVA for shank populations of Ç1 av1bacter 
mlchiganense ssp. nebraskenae data for late 
milk early dough growth stage from 1984 field 
experiment on RIF A medium 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
20854 4171 
8341 4171 
41708 4171 
70905 
1.00 0.47 
1.00 0.40 
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Table 7 ANOVÂ for seed surface populations of 
Clavlbacter mlchlganense ssp. nebraskense data 
at harvest from 1984 field experiment on RIF A 
medium. Log (x+1) transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
55.3582 11.0716 
0.0294 0.0147 
23.0792 2.3079 
78.4668 
4.7973 0.025 
0.0064 0.750 
Table 8 ANOVA for internal kernel populations of 
Clavlbacter mlchlganense ssp. nebraskense data 
at harvest from 1984 field experiment on RIF A 
medium. Log (x+1) transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
20.5771 4.1154 
10.6443 5.3221 
30.8182 3.0818 
62.0396 
1.3354 0.25 
1.7269 0.25 
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Table 9 ANOVA for shank populations of Clavlbacter 
mlohlganense sap. nebraskense data at harvest 
from 1984 field experiment on RIF A medium 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Block 2 
Error 10 
Corrected 17 
Total 
5.5X1014 i.ixl0l4 
1.7xl0l4 0.9x10^4 
8.6xl0l4 0.9x10^4 
15.8x1014 
1.29 0.34 
I.01 0.40 
Table 10 ANOVA for internal stem populations of 
Clavlbacter mlchi^anen^ s s p. _n e b r a s k e n se data 
at harvest from 1984 field experiment on RIF A 
medium. Log (x+1) transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 
Block 
Error 
Corrected 
Total 
5 
2 
10 
17 
30.6213 
11.1433 
37.5751 
79.3396 
6.1243 
5.5716 
3.7575 
1.6310 
1.4828 
0.25 
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Table 11 ANOVA for seed surface populations of 
Clavlbacter miçhiaanense ssp._nebraskense data 
for ail sampling times from 1984 field 
experiment on RIP A medium. Log (x+1) 
transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Sampling time 2 
Error 10 
Corrected 17 
Total 
63.6716 12.7343 
0.9084 0.4542 
7.2097 0.7210 
71.7897 
17.6220 0.05 
0.6300 0.50 
Table 12 ANOVA for internal seed populations of 
Cl.avl.bacter ml.chl.g.anen^ ssp. .nebraskense data 
from all samplings of the 1984 field 
experiment on RIP A medium. Log (x+1) 
transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Sampling time 2 
Error 10 
Corrected 17 
Total 
23.0457 4,6091 
3.0709 1.5355 
37.4426 3.7443 
63.5592 
1.2310 0.50 
0.4101 0.50 
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Table 13 ANOVA for Internai shank populations of 
Çlavlbaçter ml çhlganense s s p . _n e b r a s j< e n  ^  data 
for ail sampling times from 1984 field 
experiment on RIP A medium. Log (x+1) 
transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 
Sampling time 2 
Error 10 
Corrected 17 
Total 
49.0129 9.8026 
12.6120 6.3060 
17.4873 1.7487 
79.1122 
5.6056 0.01 
3.6061 0.10 
Table 14 ANOVA for internal seed populations of 
Çlavlbaçter ml.çhl£.anen^ s s p . _n e b r a s k e n se data 
for 1985 field experiment on RIP B medium. 
Log (x+1) transformed data 
Source df Sum 
Squares 
Mean 
Square 
f value P>f 
Inoculation 1 121.0 121.0 35, . 59 0.001 
Harvest 1 22 . 1 22.1 6 .50 0.100 
Drying 1 4 . 6 4.6 1, , 35 0.250 
Block 2 9 . 1 4.6 1, .35 0.250 
Error 18 60.9 3.4 
Corrected 23 217.7 
Total 
84 
Table 15 ANOVA for Internai seed populations of 
Clavlbacter mlchlganense ssp. nebraskense data 
for 1985 field experiment on CNS B medium. 
Log (x+1) transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Inoculation 1 120 , . 1 120 . 1 37 ,  53 0 , .001 
Harvest 1 10 ,  1 10 . 1 3 , , 16 0 . , 100 
Drying 1 1 ,  9 1 . 9 0 , 59 0 , . 500 
Block 2 8 . , 8 4 .4 1 . . 38 0 , . 250 
Error 18 57 ,  3 3 . 2 
Corrected 23 198 . 2 
Total 
Table 16 ANOVA for percentage seed Infection with 
Clavlbacter nii_chi^ganense ssp. nebraskense data 
from 1985 field experiment on RIF B medium. 
Arcsin transformation of data 
Source df Sum Mean f value p>f 
Squares Square 
Inoculation 1 1008 . 7 1008. 7 19 . 55 0 . , 001 
Harvest 1 43 . 8 43 . 8 0 . 85 0 . 350 
Drying 1 8 .4 8 . 4 0. 16 0 . , 700 
Block 2 327 . 8 163 . 9 3 . 18 0 . 060 
Error 18 929 . 1 51 . 6 
Corrected 23 2317 . 8 
Total 
85 
Table 17 ANOVA of percentage seed Infection data 
for seed produced In the 1985 field experiment 
and retested on RIF B medium before planting 
in spring 1986. Arcsin transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Inoculation 1 252 . 60 252 . 60 3 . 3102 0 , 10 
Block 2 409 . 24 204 . 62 2 . 6814 0 . 15 
Storage time 1 689. 25 689 . 25 9 . 0322 0. 02 
Error 7 534 . 20 76. 31 
Corrected 11 1885. 29 
Total 
Table 18 ANOVA for internal seed populations of 
CLavl.bacter mi_chig:anen^ « s p . _n e b r a s k e n se data 
comparing seed from 1985 field experiment at 
harvest and before planting in 1986. 
Log (x+1) transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Inoculation 1 76, .487 76 . 487 22 . 229 0 , . 003 
Block 2 5. 296 2. 648 0. , 770 0. 500 
Storage time 1 3, .882 3 . 882 1 , . 128 
Error 7 24 . . 086 3 . 441 
Corrected 11 109. ,751 
Total 
86 
Table 19 ANOVA of emergence data from greenhouse 
growout tests of seed produced In the 1985 
field experiment 
Source df Sum Mean f value p>f 
Squares Square 
Inoculation 1 0 .0555 0 . 0555 0 . 02 0 . 9005 
Block 2 3 . 6744 1 , , 8372 0 . 54 0. 5967 
Harvest 1 1 . 1736 1, . 1736 0 . 34 0. 5682 
Drying 1 0 . 5208 0 . 5208 0 . 15 0. 7027 
Error 12 40 .8867 3 .4072 
Corrected 17 46 .3111 
Total 
Table 20 ANOVA of emergence data from greenhouse 
growout tests of seed artificially inoculated 
with Çlavibaçter miçhiganense ssp._nebraskense 
Source df Sum Mean f value p>f 
Squares Square 
Treatment 5 59 . 81 11 .96 4 . 65 0. 0082 
Humidity 1 5. 23 5 . 23 2 . 03 0. 1734 
Block 1 21 . 28 21 .28 8 . 27 0 . 0110 
Error 16 41 . 18 2 . 57 
Corrected 23 127. 49 
Total 
87 
Table 21 ANOVA for overwintering survival study data 
for wild type Isolate on NBY medium. Log 
transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Location 1 4 . 73 4 . 73 14 . 05 0 , . 0006 
Year 1 0 . 29 0 . 29 0. . 85 0. 3621 
Sampling time 3 9 .37 3 . 12 9 . 27 0 . 0001 
Block 2 0 .21 0. 11 0, 31 0 . 7324 
Error 39 13 . 14 0 . 34 
Corrected 46 27 , 74 
Total 
Table 22 ANOVA for overwintering survival study data 
comparing wild type versus rifampin tolerant 
Isolate Infested debris. Log transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Year 1 6. 47 6 .47 16 . 03 0. 0002 
Isolate 1 30 . 80 30 . 80 76 .35 0. 0001 
Location 1 3. 69 3 . 69 9 . 15 0. 0036 
Sampling time 3 11, 13 3 .71 9 . 20 0 . 0001 
Block 2 0. 02 0 . 01 0 . 02 0. 9764 
Error 62 25. 01 0 . 40 
Corrected 70 207. 12 
Total 
88 
Table 23 ANOVA of overwintering survival study data 
for 1984/85 for wild type Isolate. Log 
transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Location 1 
Sampling time 3 
Block 2 
Error 17 
Corrected 23 
Total 
0.3217 0.3217 
1.3396 0.4465 
0 . 0 0 0 0  0 . 0 0 0 0  
1.2080 0.0711 
2.8693 
4.53 0.0483 
6.28 0.0046 
0 . 0 0  1 . 0 0 0 0  
Table 24 ANOVA of overwintering survival study data 
for 1984/5 season rifampin tolerant 
Isolate. Log transformed data 
Source df Sum Mean f value p>f 
Squares Square 
Location 1 0.0681 0.0681 0. 19 0.6665 
Sampling time 3 6.0090 2.0030 5. 66 0.0071 
Block 2 0.3075 0.1538 0.43 0.6547 
Error 17 6.0181 0.3540 
Corrected 23 12.4028 
Total 
